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[57] ABSTRACT 
An axial-?ow molecular pump has a ?rst active mag 
netic bearing for axially supporting and controlling a 
pump member comprised of a set of permanent magnets 
on the upper end of the pump member cooperating with 
a set of permanent magnets ?xedly mounted at the 
upper end of a pump housing, a ?rst electromagnet 
coacting with the sets of permanent magnets and opera 
tive when energized for controlling the axial position of 
the pump member, and an axial sensor for detecting 
axial displacement of the pump member and accord 
ingly controlling the energization of the ?rst electro 
magnet. A second active magnetic bearing for radially 
supporting and controlling the pump member com 
prises a second electromagnet operative when ener 
gized for controlling the radial position of the pump 
member, and a radial sensor for detecting radial dis 
placement of the pump member and accordingly con 
trolling the energization of the second electromagnet. 
Radial vibrations of the pump member during rotation 
thereof are rapidly suppressed in a very short decay 
time period due to the two active magnetic bearings 
which have rapid response characteristics and are able 
to effect precise and accurate positioning of the pump 
member. 

14 Claims, 2 Drawing Figures 
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SMALL SIZE AXIAL-FLOW MOLECULAR PUMP 
USING A MAGNETIC BEARING 

This is a continuation of application Ser. No. 413,569, 
?led Aug. 31, 1982, now abandoned, which claims pri 
ority of Japanese Patent Application No. 139556/ 81 
?led Sept. 14, 1981. 

BACKGROUND OF THE INVENTION 

An axial-?ow molecular pump having a conventional 
magnetic bearing is shown in FIG. 1. The axial-?ow 
molecular pump utilizes a magnetic bearing and ac 
tively controls each of the ?ve degrees of freedom of 
the rotating pump member. Reference numeral 1 de 
notes a rotating axis direction displacement sensor, 2 is 
a rotating axis direction control electromagnet, 3 is an 
upper radial direction displacement sensor (two direc 
tions of xu, yu), 4 is an upper radial direction control 
electromagnet (two directions of xu, yu), 5 is a lower 
radial direction displacement sensor (two directions of 
xd, yd) and 6 is a lower radial direction control electro 
magnet (two directions of xd, yd). 
Such an axial-?ow molecular pump has several draw 

backs. A major drawback is that many sensors and 
electromagnets arranged in a complicated manner are 
required for the control system in order to effect con 
trol with ?ve degrees of freedom of the axial-?ow mo 
lecular pump for which only high speed rotating opera 
tion is required. Accordingly, the calori?c value in 
creases owing to a large number of magnets and so on. 
Further, though the reliability is increased because the 
pump has no mechanical contact part, the reliability is 
restricted in view of the complexity of the electric cir 
cuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a conventional axial flow 
molecular pump utilizing a magnetic bearing of ?ve axis 
control system; and, 
FIG. 2 is a sectional view of an embodiment of an 

axial ?ow molecular pump of the present invention 
which utilizes a magnetic bearing with two passive axes 
and three active axes. In the drawings, the hatched 
portions denote rotating portions. 

It is an object of the present invention to provide an 
axial-?ow molecular pump which is comparatively 
simple in structure and which has the advantages of 
long service life of the bearing, less lubrication oil, low 
rotating energy loss and the like. An embodiment of the 
structure is shown in FIG. 2. The pump comprises a 
housing having an intake opening and a drain opening. 
7-0 and 7-12 are structural members for an upper radial 
direction passive type magnetic bearing for supporting 
a rotatable pump member in the upper radial direction 
(disposed along two orthogonal directions of xu, yu), 
and permanent magnets incorporated therein are at 
tracted to each other. The attractive power keeps the 
rotating pump member body at a center (xu, yu) which 
depends upon the position of the structural member 7-1;. 
The pump member has a generally solid cylindrical 
upper portion which is connected to a shaft in the man 
ner shown in FIG. 2. A set of rotating blades 8-a to 
perform the pumping function of the axial-?ow molecu 
lar pump are connected to the rotatable pump member 
and coact with a set of ?xed blades 8-b. 9-a is an arma 
ture disc for a rotating axis direction control electro 
magnet for controlling a rotating direction and 9-b is a 
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2 
rotating axis direction control electromagnet. The axial 
position of the rotating pump member body in the rotat 
ing axis direction (2 direction) is detected by use of a 
rotating axis direction displacement sensor 13-a, 13-b. 
The current ?owing through the rotating axis direction 
control electromagnet 9-b is adjusted in accordance 
with the difference between the detected position and a 
reference position to increase or decrease the force 
applied in the direction of the rotating axis, so that the 
rotating pump member body is maintained at a refer 
ence position in the rotating axis direction. 10-a is a high 
frequency motor rotator and 10-h is a stator thereof. 
12-0 is one of a pair of diametrically opposed lower 
radial direction control electromagnet rotators and 12-h 
is one of a pair of diametrically opposed lower radial 
direction control electromagnets, (similar pairs of dia 
metrically opposed rotators and electromagnets are 
disposed orthogonally relative to the ?rst-mentioned 
pairs in the same plane therewith to jointly de?ne two 
orthogonal directions of xd and yd corresponding to 
two radial degrees of freedom of the pump member). By 
means of a lower radial direction displacement sensor 
target ll-a and a lower radial direction displacement 
sensor 11-b (disposed along two orthogonal directions 
of xd and yd), the radial direction (xd, yd) of the lower 
portion of the rotating pump member body is detected 
and the lower portion of the rotating pump member 
body is maintained at the reference position by control 
ling the current ?owing through the lower radial direc 
tion control electromagnet 12-b in accordance with the 
difference between the detected position and the refer 
ence position. 
The axial-?ow molecular pump arranged as de 

scribed above makes the rotating pump member ac 
tively ?oat in the rotating axis direction (2 direction) by 
means of the parts 7, 9 and 13. The upper radial direc 
tion is passively supported by the part 7 without contact 
and the lower radial direction is actively supported by 
parts 11 and 12 without contact. Thus, the rotating 
blades 8-a are rotated at high speed by the high fre 
quency motor 10 to transport the gaseous molecules 
from the intake opening to the drain opening. The fea 
tures of such an axial-?ow molecular pump are as fol 
lows: 

First, it can make the best use of the essential advan 
tages of magnetic bearing since it is ?oating without any 
contact. 

Second, the loss of the rotating energy is small even 
if it rotates at high speed since the bearing does not 
contact mechanically. 

Third, as lubrication oil is not necessary for this 
pump, maintenance is not needed. 

Fourth, since only three directions are controlled 
actively, the control system and the structure become 
less complex, so that it is possible to miniaturize it. 

Fifth, the amount of head produced from the device 
decreases as the number of the electromagnets de 
creases, so that the system is simpli?ed and the reliabil 
ity is increased with respect to the electric circuit. 
And further, the device is free from adverse effects 

due to the exhausted gas since the motor and the elec 
tromagnet are located on the lower vacuum side. 

Since the attenuation is electrically provided not only 
in the rotating axis direction but also in the radial direc 
tion by utilizing the lower radial direction control elec— 
tromagnet, it is possible to increase the revolutional 
speed over the resonance point. Consequently, this sys 
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tem is most suitable for an axial-?ow molecular pump 
which rotates at a high speed without contact. 
We claim: 
1. In an axial flow molecular pump having an up 

standing housing having an inlet opening for introduc 
ing gaseous molecules during use of the pump and an 
outlet opening for discharging the gaseous molecules: a 
set of ?xed blades ?xedly mounted within the housing 
and extending radially thereof; a rotatable pump mem~ 
ber rotatably disposed within the housing to undergo 
rotation about a vertical rotary axis and carrying a set of 
radially-extending blades which coact with the ?xed 
blades to pump the gaseous molecules from the inlet 
opening to the outlet opening during rotation of the 
pump member; and supporting means for magnetically 
rotatably supporting and maintaining the pump member 
to undergo rotation about the vertical rotary axis, the 
supporting means comprising ?rst magnetic bearing 
means for both axially'supporting the pump member 
and actively controlling the axial position of the pump 
member and comprised of a set of permanent magnets 
on the upper end of the pump member cooperating with 
a set of permanent magnets ?xedly mounted at the 
upper end of the housing, ?rst energizeable electromag— 
netic means axially spaced from the sets of permanent 
magnets and coacting therewith when energized for 
axially supporting the pump member and controlling 
the axial position thereof, and axial detecting means for 
detecting axial displacement of the pump member and 
accordingly controlling the energization of the ?rst 
electromagnetic means, and second magnetic bearing 
means for both radially supporting the pump member 
and actively controlling the radial position of the pump 
member and comprised of second energizeable electro 
magnetic means disposed axially below the outlet open 
ing and operative when energized for radially support 
ing the lower portion of the pump member and control 
ling the radial position thereof, and radial detecting 
means for detecting radial displacement of the lower 
portion of the pump member and accordingly control 
ling the energization of the second electromagnetic 
means. 

2. An axial flow molecular pump according to claim 
1; wherein the ?rst electromagnetic means comprises an 
armature ?xed to the pump member, and a stationary 
electromagnet mounted within the housing and opera 
tive when energized to selectively vary the magnetic 
attractive force between the armature and electromag 
net to thereby adjustably control the axial position of 
the pump member. 

3. An axial ?ow molecular pump according to claim 
1; wherein the ?rst electromagnetic means is axially 
disposed intermediate the second electromagnetic 
means and the sets of permanent magnets. ~ 

4. An axial ?ow molecular pump according to claim 
2; including driving means for rotationally driving the 
pump member, the driving means being axially disposed 
below the outlet opening. 

5. An axial ?ow molecular pump according to claim 
1; wherein the pump member comprises a generally 
solid cylindrical upper portion and an axially extending 
shaft connected to the solid cylindrical upper portion, 
the pump member blades extending radially outwardly 
of the solid cylindrical upper portion. 

6. An axial ?ow molecular pump according to claim 
5; wherein the solid cylindrical upper portion of the 
pump member has an axial extent approximately one 
half that of the total axial extent of the pump member. 
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4 
7. An axial flow molecular pump according to claim 

5; wherein the solid cylindrical upper portion of the 
pump member is free of any electromagnetic means. 

8. An axial ?ow molecular pump according to claim 
1; wherein the second electromagnetic means includes 
means for radially supporting the pump member at 
locations which are angularly spaced by 90° about the 
vertical rotary axis. 

9. An axial flow molecular pump according to claim 
1; wherein the second magnetic bearing means further 
includes means for magnetically radially supporting the 
upper portion of the pump member. 

10. An axial ?ow molecular pump according to claim 
9; wherein the means for magnetically radially support 
ing the upper portion of the pump member comprises 
means for passively radially supporting the upper por 
tion of the pump member. 

11. An axial ?ow molecular pump according to claim 
10; wherein the means for passively radially supporting 
the upper portion of the pump member comprises the 
aforesaid sets of permanent magnets which comprise 
part of the ?rst magnetic bearing means. 

12. In an axial flow molecular pump having an up 
standing housing having an inlet opening for introduc 
ing gaseous molecules during use of the pump and an 
outlet opening for discharging the gaseous molecules: a 
set of ?xed blades ?xedly mounted within the housing 
and extending radially thereof; a rotatable pump mem 
ber rotatably disposed within the housing to undergo 
rotation about a vertical rotary axis and carrying a set of 
radiallyextending blades which coact with the ?xed 
blades to pump the gaseous molecules from the inlet 
opening to the outlet opening during rotation of the 
pump member; and supporting means for magnetically 
rotatably supporting and maintaining the pump member 
to undergo rotation about the vertical rotary axis, the 
supporting means comprising ?rst magnetic bearing 
means for both axially supporting the pump member 
and actively controlling the axial position of the pump 
member and comprised of a set of permanent magnets 
on the upper end of the pump member cooperating with 
a set of permanent magnets ?xedly mounted at the 
upper end of the housing, ?rst energizeable electromag 
netic means axially spaced from the sets of permanent 
magnets and coacting therewith when energized for 
axially supporting the pump member and controlling 
the axial position thereof, and axial detecting means for 
detecting axial displacement of the pump member and 
accordingly controlling the energization of the ?rst 
electromagnetic means, and second magnetic bearing 
means for both radially supporting the pump member 
and actively controlling the radial position of the pump 
member and comprised of second energizeable electro— 
magnetic means operative when energized for radially 
supporting the lower portion of the pump member and 
controlling the radial position thereof, and radial detect 
ing means for detecting radial displacement of the lower 
portion of the pump member and accordingly control 
ling the energization of the second electromagnetic 
means, the second electromagnetic means comprising a 
?rst pair of electromagnets disposed along a ?rst axis in 
diametrically opposed relation relative to the pump 
member for actively controlling one degree of freedom 
of radial motion of the pump member along the ?rst 
axis, and a second pair of electromagnets disposed along 
a second axis orthogonal to the ?rst axis in diametrically 
opposed relation relative to the pump member for ac 
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tively controlling one degree of freedom of radial mo 
tion of the pump member along the second axis. 

13. An axial flow molecular pump according to claim 
12; wherein the ?rst and second axes lie in the same 
plane. 

14. An axial flow molecular pump according to claim 
5 
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6 
12; wherein the radial detecting means comprises two 
pairs of sensors disposed on orthogonal axes for detect 
ing radial displacement of the pump member along the 
first and second axes. 

* Q! * Ill * 


